T oday, in implant dentistry, patients not only want to restore the lost masticatory function but also want to demand aesthetically pleasing restorative treatments. In the maxillary anterior region, they have come to expect prostheses replacing their missing teeth to be identical to the contralateral natural healthy teeth and the gingival outline harmonious with the gingival silhouette of the adjacent teeth. Even though the dental implant is successfully osseointegrated, it is devastating to a patient if "black triangles" (i.e., missing interproximal papilla) exists when they smile and speak. Moreover, the loss of implant papilla can cause phonetic problems and food impaction. As a result, the presence/absence of interimplant papilla has become a topic of concern.
In natural dentition, the dental papilla is the gingival tissue, which occupies the embrasure space beneath the contact area of 2 adjoining teeth. The lateral borders and tips of the dental papilla are formed by marginal gingiva, and the intervening portion consists of attached gingiva. Similarly, the peri-implant papilla is the soft tissue underneath the contact between a natural tooth and an implant or 2 adjacent implants. However, there are some significant anatomical and histologic differences between dental and peri-implant papillae (Table 1) . [1] [2] [3] [4] [5] For example, the soft tissues around osseointegrated implants contain a larger proportion of collagen and a lower proportion of fibroblasts than the tissues adjacent to natural teeth. Because of the lack of cementum for collagen fiber insertion, the fibers around a dental implant run parallel to the implant's surface rather than perpendicularly attached to the root surface as seen in natural teeth. In addition, there are fewer blood vessels in the peri-implant mucosa as compared to the gingiva around natural teeth. Another important difference is the location of biologic width. A dental implant usually has a flat platform at the coronal end. As a result, the implant is almost always positioned below the interproximal alveolar crest, which places the interproximal biologic width subcrestally instead of supracrestally as seen in natural teeth. The subcrestal formation of biologic width results in loss of interproximal bone. Consequently, all these differences make preservation or regeneration of peri-implant papilla even more challenging. Peri-implant tissues are similar to the periodontium with a junctional epithelium containing basal lamina and hemidesmosomes and connective tissue fibers. 6 However, because of lack of cementum, the implant sulcus is often located at junction of implant-bone interface. This is different than the natural tooth where the sulcus is situated at cementoenamel junction (CEJ). This translates to about 2 mm vertical height difference to ensure for the papillae appearance in both conditions (implant: 3 mm and natural tooth: 5 mm) because normal bone level is often located at 2 mm below the CEJ. [7] [8] [9] [10] [11] Because the presence of papilla is one of the essential elements of anterior esthetics, the clinician may be willing to attempt to regenerate or improve deficient papillary form even though limited blood supply and access plague the procedure and significantly increase the risk of failure. Over the years, many surgical and nonsurgical techniques have been proposed to treat this soft tissue deformity and manage the interproximal space. [12] [13] [14] Nonetheless, because of the limited sample size of case reports in natural studies, the predictability of these techniques remains to be determined.
Because reconstruction of periimplant papilla remains one of the most difficult and unpredictable procedures in implant therapy, presurgical planning becomes critical for the success of the therapy. A well-thought and well-sequenced treatment plan demands clinician understanding the factors influencing the appearance of peri-implant papilla. This article will review these potential clinical factors that may influence the appearance of interimplant papilla. In addition, the current techniques of peri-implant papilla enhancement are discussed.
POTENTIAL CLINICAL FACTORS

Crestal Bone Height
The underlying osseous morphology has long been recognized as the foundation for the support of gingival tissue. [15] [16] [17] In a classic study, Tarnow et al 7 investigated the effects of crestal bone height on the presence or absence of dental papilla. The authors examined 288 interproximal sites and demonstrated that the papilla was present almost 100% of the time when the distance from the contact point to the crest of the bone was 5 mm or less. Salama et al 8 assumed a similar relationship in implant-supported restoration. Grunder confirmed this speculation. The author presented a case report of 10 single dental implants in the maxillary central/lateral incisor area and evaluated changes in papilla height 1 year after function. 9 All the peri-implant papillae reformed after the final crowns were placed on the implants when the crestal bone level on the adjacent tooth was 5 mm or less from the contact point. Similarly, Choquet et al 10 studied the papilla level around sin- gle dental implants in 26 patients and reported papilla was present almost 100% of the time when the distance from the contact point to the crest of the bone was 5 mm or less. Interestingly, the occurrence of papilla regeneration was at least 50% of the time when the distance was Ն6 mm. Therefore, other factors, such as horizontal distance between the 2 adjacent teeth at the level of CEJ, probably contributed to the presence of the papilla.
Compared with a single dental implant, regenerating a papilla between 2 adjacent implants is even more challenging. 11 In a series of case reports, Elian et al 18 found a 5 mm height of tissue between 2 implants was not routinely possible. Tarnow et al 19 agreed with the previous finding. The authors examined a total of 136 interimplant papillary heights in 33 patients and found the mean papillary height was only 3.4 mm. Although there was a range of 1 mm to 7 mm, the soft tissue heights were 2, 3, or 4 mm in 90% of the cases. On the basis of these data, the ideal distance from the base of the contact point to the bone crest between adjacent implants is 3 mm and, between a tooth and an implant, Յ5 mm ( Table 2) .
Interproximal Distance
The interproximal distance has been thought to affect the appearance of the hard and soft tissue in the embrasure space. Heins and Wider 20 demonstrated very thin lamina dura existed when the inter-root distance was Ͻ0.5 mm. When the inter-root distance became Ͻ0.3 mm, the crestal bone disappeared. Instead, the adjacent root surfaces were connected by the 2 adjacent periodontal ligament spaces. On the basis of these findings, teeth with root proximity are more susceptible to crestal bone loss, which can subsequently cause the papillary disappearance. In addition, Tal found that a vertical defect occurs only when there is at least of 1.5 mm interdental distance. Otherwise, horizontal crestal bone loss occurs with the recession of dental papilla. 21 In a recent study of 206 dental papillae in 80 patients, Cho et al 22 supported this notion. The authors found the ideal vertical dimension for papilla formation should be Յ5 mm from the contact point to the alveolar crest while the ideal horizontal dimension was 1.5-2.5 mm between adjacent roots. Besides, the authors suggested there were independent and combined effects of both dimensions on the existence of papillae.
These findings in natural teeth make the researchers question if there is a similar correlation in implantsupported restoration. Tarnow et al 23 investigated the effect of the interimplant distance on the height of interimplant bone crest. The authors found that there was a lateral component of bone loss around implants, and 3 mm was a critical interimplant distance. If the distance was Ͻ3 mm, 0.56 mm more pronounced bone loss was observed. The authors then speculated that this interimplant distance might play a significant role for presence of the papilla. A recent study performed by a Brazilian group confirmed this speculation. In a group of 48 patients with 96 interproximal sites, Gastaldo et al 24 examined the effects of the vertical and horizontal distances between adjacent implants and between a tooth and an implant on the incidence of the papilla. When the distance between adjacent implants and between a tooth and an implant were Ͻ3 mm, papilla was absent 100% of time, regardless of the vertical distance. Furthermore, they found that there was an interaction between horizontal and vertical distances when the interproximal spacing was Ͼ3 mm. In contrast, Novaes et al 25, 26 failed to show any significant effects of interimplant distance on papilla formation in a dog model. In one of their 2 studies, 2 implants were inserted in the mandible separated by 2 mm (group 1). 26 Other 2 implants were separated by 3 mm (group 2). In all cases, final metallic crowns were fabricated to maintain a distance of ϳ5 mm between the interproximal contact and crestal bone. The mean papilla heights in groups 1 and 2 were similar with 3.07 mm and 3.55 mm, respectively. The probable reasons for these contrary results could be due to the different study models (e.g., human vs dog) and different implant designs (e.g., machined titanium implant vs rough surfaced implant). Further studies are necessary to resolve this controversy.
Tooth Form/Shape
Tooth shape can be classified into triangular, ovoid and square while tooth form can be defined as long narrow or short wide. In natural dentition, gingival morphology is partly related to the tooth shape and form. 16, [27] [28] [29] [30] In a study of 192 subjects, Olsson and Lindhe 31 demonstrated patients with long-narrow/triangular-shaped upper central incisors experienced more recession of the gingival margin at buccal surfaces than those with a short-wide form/square shape. 11 In their next study, Olsson et al 32 reported that individuals with the longnarrow tooth form displayed a thin free gingiva, a narrow zone of keratinized gingiva, shallow probing depth, and a pronounced "scalloped" contour of the gingival margin. Likely, the tooth shape and form can influence the peri-implant soft tissue architecture as well. Indeed, Kois 33, 34 described tooth shape as 1 of the 5 essential diagnostic keys for the peri-implant esthetics, which should be considered in the presurgical phase of implant therapy. In his opinion, it impacts the tissue both coronal and apical to the free gingival margin (FGM). Coronal to the FGM, individuals with square-shaped teeth have a more favorable esthetic outcome because of the long proximal contact and less amount of papilla tissue to fill the interproximal space. On the contrary, the contact of triangular tooth is short and more incisally positioned. The interproximal area requires more tissue height to fill. Therefore, in the case of triangular tooth shape, there is higher risk of black hole, and peri-implant papilla regeneration can be very challenging. Kois suggested, in this situation, modification of the adjacent tooth shape with either direct composite or porcelain veneer may be necessary after an implant-supported restoration. Apical to the FGM, the triangular tooth shape is more favorable than the square one. The triangular teeth allow for roots positioned farther apart than the squared ones. As a result, there is potentially thicker interproximal bone, which may minimize crestal bone loss and subsequent papilla loss after extraction and implant placement.
Gingival Thickness
Gingival tissue biotype is another important diagnostic key for periimplant esthetics. 33, 34 It was proposed, 2 basic types of gingival architecture exist-"scalloped thin" and "flatthick." 11, 29 Thin gingival tissue has been described to have less underlying osseous support and less vascularization. As a result, the thin tissue is more susceptible to trauma and increases the risks of facial recession and loss of interproximal tissue after any surgical procedure. In contrast, thick gingival tissue implies thicker underlying bone structure, more fibrotic tissue, and more blood supply. Therefore, the thick tissue is more resistant to physical damage and bacterial ingress. Indeed, abundant empirical evidence suggests thick gingival tissue not only resists physical trauma and subsequent tissue recession but also allows better tissue manipulation, encourages creeping attachment, improves papilla fill, reduces clinical inflammation, and renders predictable surgical outcomes. [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] In a clinical trial on 24 patients, Oh et al 46 studied the effects of flapless implant surgery on the soft tissue prolife. The authors found better papillary index (PI) 47 with the thick soft tissue (ie Ն3 mm) than the thin tissue (i.e., Ͻ3 mm); however, the difference was not significant. In a case series of 45 patients, Kan et al 48 evaluated the dimensions of the periimplant mucosa around 2-stage maxillary anterior single implants after 1 year of function. The authors categorized the peri-implant biotype into a thick or thin group by placing a periodontal probe into the facial aspect of the peri-implant mucosa. If the outline of the underlying probe could be seen through the gingiva, the periimplant biotype was defined as thin. If the probe could not be seen, the biotype was thick. The interproximal dentogingival dimension in the subjects with the thick biotype was significantly greater than those with the thin biotype (ie 4.5 mm vs 3.8 mm). Therefore, peri-implant papilla may be maintained or re-established with the thick biotype.
Other Potential Factors
The relative tooth position, type of gingival scallop and amount of keratinized/attached gingiva are other possible factors that may determine the level of papilla around dental implant. Before removal of the hopeless tooth, it is critical to evaluate its position relative to the remaining dentition because the existing tooth position will influence the presenting configuration of the gingival architecture. 33, 34 For example, tooth with root proximity has a very thin interproximal bone. This thin bone is highly susceptible to resorption after extraction, which will subsequently cause the interproximal soft tissue loss. In contrast, tooth with diastemas possess thicker interproximal bone, which is at less risk for resorption after wound healing. As a result, peri-implant papilla preservation or regeneration will be more predictable.
Based on a survey of 100 patients, the gingival scallop can be categorized into high, normal or flat. 49 Compared with the normal or high gingival scallop, flat gingival architecture has less tissue coronal to the bone interproximally than facially. It tends to follow the osseous scallop creating less discrepancy and less risk of interproximal tissue loss after tooth extraction. Consequently, the maintenance of interproximal papilla becomes more predictable. 33, 34 The role of keratinized/attached gingiva around natural teeth is a controversial issue. It has been suggested 2 mm of keratinized tissue with at least 1 mm attached tissue was required to maintain gingival health. 50 However, others have found that the amount of keratinized or attached gingiva was not critical for tissue health but patient's oral hygiene. 43,44,50 -54 Similarly, there is a debate over the need for keratinized and attached tissue for the maintenance of dental implants. 43, 50, [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] Currently, the general consent is, with a proper plaque control, lack of adequate keratinized/ attached tissue will not increase the incidence of attachment loss or soft tissue recession. However, under the condition of inflammation, the site with inadequate keratinized tissue (ie Ͻ2 mm)/attached tissue (ie Ͻ1 mm) is highly susceptible to progressive attachment loss and recession. In addition, new evidence suggested, regardless of the surface configurations, the absence of adequate keratinized and attached tissue in dental implants is associated with higher plaque accumulation and gingival inflammation. 63 On the basis of these data, one can speculate that keratinized/attached tissue may influence on the appearance periimplant papilla, particularly in the situation of inflammation.
DENTAL PAPILLA ENHANCEMENT TECHNIQUE
Over the last 2 decades, various techniques have been proposed to preserve the papillary area or restore the missing papilla. In general, these techniques can be classified as surgical and non-surgical (Table 3 ). The surgical technique focuses on soft and hard tissue management, such as flap de-signs and grafting procedures. The non-surgical technique involves restorative, prosthetic, and orthodontic procedures. In addition, some novel approaches (e.g., titanium papillary insert, autologous fibroblast injections) have been suggested and reported in the recent dental literature.
12,64
SURGICAL TECHNIQUES
Hard Tissue Management
To date, hard tissue management becomes an essential component in implant dentistry. Crestal bone resorption after tooth extraction not only compromises ideal implant placement but also leads to unacceptable esthetic outcomes (e.g., uneven soft tissue margin and loss of interproximal papilla). Misch 65 recommended that clinician should augment crestal and interproximal region with dense hydroxyapatite at implant surgery to elevate the soft tissue to the height of the desired interdental/interimplant papillae. At present, ridge deficiency can be enhanced by means of guided bone regeneration, autogenous ridge augmentation, and distraction osteogenesis. 66 -68 As discussed in the previous section, controlling and conserving the hard tissue height can help in achieving desired papillary height. Therefore, at the time of tooth removal, ridge preservation is critical to prevent the loss of the underlying bone and rebuild the lost papilla in the final implant-supported restoration. The tooth should be atraumatically extracted by means of forceps rotation/ periotomes, and the socket space can be maintained by placing bone substitute with or without a membrane. 13, 69 In a study on 24 patients, Iasella et al 70 compared extraction alone with ridge preservation using freeze-dried bone allograft and a collagen membrane. The ridge preservation group gained an average of 1.3 mm bone height. In contrast, the extraction alone group lost an average of 0.9 mm. Although both groups lost ridge width, the ridge preservation group only showed minimal resorption (ϳ1 mm) while the extraction alone group shrunk ϳ3 mm. The authors concluded the ridge preservation is a predictable procedure for the maintenance of ridge height, width, and position.
Recently, immediate dental implant placement has become a feasible and popular treatment option in the anterior maxilla in select situations. Numerous case reports and some clinical trials have shown that immediate implantation may allow preservation of the alveoli and surrounding structures with favorable esthetic outcomes. 48 64 .3% papillae showed a score of 2, and the remaining 35.7% showed a score of 3. The authors suggested that, with careful evaluation of potential extraction sites, immediate implant placement promotes optimal implant esthetics.
In the event of multiple failing anterior teeth, simultaneous extraction of the adjacent teeth often leads to flattening of the interproximal bony scallop and results in implant restorations with missing interimplant papillae. To manage this esthetic setback, Kan et al 75 proposed an interimplant papilla preservation technique involving alternate removal of teeth atraumatically with immediate implant placement and provisionalization. The authors claimed that 1 side of the proximal bone and the associated papilla can always be maintained while the other side is healing. In addition, the adjacent tooth form can serve as a guide for implant placement and provisionalization. In 6 patients, the authors showed all interimplant papillae with a mean PI score of 3 after a mean functioning time of 22.6 months. All patients were satisfied with the final esthetic outcome.
Implant placement with flapless approach provides some distinct advantages over the conventional openflap approach, such as a lessened surgical time, less bleeding and postoperative discomfort, minimal changes in crestal bone level, soft tissue inflammation, and probing depth adjacent to implants. 46,76 -80 Therefore, flapless implant surgery is one possible treatment option for enhancement of implant esthetics. Becker et al 76 placed 79 implants in 59 patients using one-stage flapless technique. At 2 years, the cumulative success rate was ϳ99%. The changes in crestal bone level were insignificant (i.e., 0.1 mm). The authors concluded flapless implant surgery is a predictable procedure. Oh et al replaced a missing single tooth in the premaxillary region with an endosseous implant using a flapless technique. 46 The implants were either immediately loaded or delayed loaded. At 6 months, no signif- Restorative/prosthetic treatments (e.g., contact reshaping, ovate pontic, provisional resin crown) Orthodontic extrusion icant differences were detected between the 2 treatment groups in any clinical parameters. The mean PI in the immediate loading group increased from 1.50 at baseline to 2.09 at 2 months and then remained stable up to 6 months (i.e., 2.30). In the delayed group, the mean PI stayed the same (i.e., 2.06 at both baseline and 6 months). There were minimal changes of the marginal soft tissue level in both treatment groups over 6-month period. Both studies demonstrated flapless implant surgery provides esthetic soft tissue profile around single-tooth implant restorations, regardless of the loading protocol.
Soft Tissue Management
Two soft tissue management approaches are generally found in the dental literature. The first approach focuses on the flap designs or surgical techniques to maintain full papillary form after the surgical procedure. [81] [82] [83] [84] [85] [86] [87] [88] [89] The second approach uses grafting techniques to fill the open interproximal spaces. 90 -104 However, because of the minimal blood supply and difficult access to the papillary tissue, only limited success has been achieved with these approaches. 12 Takei et al 87 developed the "papilla preservation technique" with the aim to improve the deficient interproximal papillae between multiple teeth. Later, various modifications of Takei's technique (e.g., modified papilla preservation technique, simplified papilla preservation technique and papillary amplification flap) have been proposed to optimize interproximal soft tissue preservation. [81] [82] [83] 88, 89 Similarly, the concepts of preserving blood supply to the peri-implant papillae and minimizing soft tissue recession in the esthetic zone, such as paramarginal pedicle flap, flap without disturbing the periosteum, are advocated. 84 -86 Gomez-Roman 85 compared 2 different flap designs: a widely mobilized flap that included papillae and a limited flap that protected papillae, and determined their effects on the peri-implant interproximal crestal bone loss. One year after crown placement, the mean interproximal bone loss was significantly lower after the use of a limited flap design than the widely mobilized flap procedure (ie 0.29 mm vs 1.12 mm). As a result, the limited flap design minimized the risk of papilla loss. In addition, Flanagan 84 proposed an incision design, which allows lifting of the gingiva without disrupting the periosteum and its blood supply, to promote the gingival base for the creation of interdental implant papilla.
A number of techniques have been published to describe surgical reconstruction of deficient dental/periimplant papillae. 90 -104 All these techniques are based on the traditional plastic surgical approaches (e.g., subepithelial connective tissue graft). Palacci 102 developed an unique papilla regeneration technique at stage 2 uncover for multiple implants, in which a semilunar beveled incision is performed in the elevated flap in relation to each implant to create a pedicle. The pedicle is then rotated 90 degree toward the mesial aspect of the abutment and stabilized with interrupted mattress sutures to form a new interimplant papilla. Subsequently, numerous modifications of Palacci's technique have been reported in case studies or clinical trials. 97, 99, 101 In a recent pilot study, Misch et al 99 used a "split-finger" incision design to promote papilla formation. The authors reported 16 singletooth implant restorations with a mean PI score of 3 while 5 multiple implantsupported prostheses had a mean PI score of Ն2. In addition, soft tissue grafting was also suggested to enhance papillary appearance. 93, 103 In a single case report, Price and Price 103 described the use of subepithelial connective tissue graft to restore papillae adjacent to a single dental implant. The authors showed a 3-year clinical follow-up with complete gingival papillae. Similarly, Azzi et al 93 reported 3 successful cases, in which a subepithelial connective tissue graft was inserted in a pouch to move the entire peri-implant gingivopapillary unit incisially.
Despite these extensive efforts to preserve or regenerate papillary tissue, none of these procedures provide evidence of predictability, and few demonstrate long-term stability.
NONSURGICAL TECHNIQUES
Restorative/Prosthetic Treatment
In certain circumstances, restorative/prosthetic techniques may be helpful for treating papillary insufficiency, for example, when all hard and soft tissue augmentation procedures fail to achieve esthetic outcomes or when patients refuse any surgical interventions. By means of restorative/ prosthetic reshaping, the contact of the crowns can be lengthened and located more apically. 98, [105] [106] [107] As a result, the open embrasure space is reduced with an illusion of papilla regeneration.
After a single anterior tooth removal, Spear 108 advocated the use of ovate pontic to help in molding the papillary height and gingival embrasure form. In a single case report, AlHarbi 109 adapted Spear's concept and successfully enhanced the interimplant papillary tissue by a cantilevered fixed partial denture with an ovate pontic. Similarly, Jemt 110 attempted to promote interimplant papillary formation by the means of placing a provisional resin crown at the time of second-stage surgery. The author showed that the use of provisional crowns were able to guide the soft tissue into the interimplant space faster than healing abutments alone; however, the volumes of the papillae adjacent to single-implant restorations were similar after 2 years of function.
Orthodontic Therapy
Orthodontic therapy offers the best esthetic outcomes in several distinct clinical situations. 107 In the presence of diastema, the interdental papilla is apparently missing. This situation can be remedied by combining orthodontic tooth approximation with apical positioning of the contact point through stripping.
111 Root divergence is another situation that can lead to the open interproximal space when the contact point between the 2 clinical crowns is situated too incisally. Again, orthodontic treatment can create a new papilla by aligning the roots and squeezing the interproximal tissue. 96 In addition, when teeth or roots are indicated for extraction, forced orthodontic extrusion should be considered to enhance both hard and soft tissue profiles. 112 This eruption technique can be valuable for the improvement of the peri-implant papilla height.
13
NOVEL APPROACH
McGuire and Scheyer 12 introduced an innovative papilla priming procedure in an attempt to enhance papillary form. Twenty-one subjects with interdental papillary deficiency were enrolled. The deficient sites were randomized to receive autologous fibroblast injections or placebo injections. At 2 months, the test sites showed more papillary height gain than the placebo sites. However, the treatment effect disappeared at 4 months. Future research in this area is certainly needed.
CONCLUSION
At this point, the crestal bone level seems to be the primary factor for the presence of peri-implant papilla. Similarily, the interproximal distance may affect the existence of the papilla. In addition, there are also other potential factors, such as tissue thickness, keratinized/attached tissue width, tooth form/shape and position. Unfortunately, these factors have never been fully investigated due to lack of funding and long-term followup. Future studies are necessary to clarify the importance of each of these factors. Although numerous techniques showed successful papillary preservation or regeneration, most were documented in case reports, and none has been proved to be predictable in the long term. Therefore, more controlled clinical trials are needed to evaluate the efficiency of these papillary enhancement techniques.
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